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Abstract

The Mainz Energy-recovering Superconducting Acceler-

ator (MESA) is a proposed multi-turn energy recovery linac

for particle physics experiments [1, 2]. It will be built at

the Institute for Nuclear Physics (KPH) at Mainz University.

Because of the multi-turn energy recovery mode, there are

particular demands on the beam dynamics. We present the

current status of the lattice development.
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Figure 1: Floor plan of the MAMI facility. Space intended

for MESA is marked in green.

INTRODUCTION

The MESA accelerator will be a CW-electron beam ac-

celerator and will operate in two modes: an energy recovery

mode (ER) with currents up to 1 mA (up to 10 mA in stage-2)

and a polarized external beam mode (EB) with up to 150 μA.

As presented in [3], MESA will be a double-sided recircu-

lating linac with vertical stacking of the return arcs similar

to a proposal for the LHeC ERL test facility [4]. A normal

conducting linac with an extraction energy of 5 MeV will be

used as injector. The linear lattice was designed with our

own matrix optics program "Beam Optics" and also with
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Mad X [5]. To allow for space charge effects and pseudo-

damping of the TESLA 9-cell cavities [6], the lattice was

additionally simulated with PARMELA [7].

As shown in Fig. 3, MESA consists of:

• a 100 keV polarized photo-cathode electron gun [8],

• a normal conducting injector linac with an extraction

energy of 5 MeV [2,9],

• two superconducting linac modules with an energy gain

of 25 MeV each [10],

• four spreader sections for separating and recombining

the beam [3] vertically,

• five 180◦ arcs for beam recirculation,

• two chicanes for the injection and extraction of the

5 MeV beam,

• an 180◦ bypass arc for ER mode incorporating the inter-

nal experiment and a chicane to adjust the path-length

(not shown in Fig. 3),

• a beam line to the external experiment.

SPACE CONSTRAINTS

MESA will be built in three existing halls formerly used

for Experiments at the Mainz Microtron (MAMI) [11] (as

shown in Fig. 1). These halls are located 10 m underground.

Therefore alteration of the building is a challenge, due to

the building statics. The main accelerator will be located

in two of these halls; the third is appointed for the experi-

ments. Due to the space restrictions, the lattice for MESA

was optimized for a footprint area of circa 7.7 m × 27 m [3].

Figure 2: Sketch of the top view of the walls including the

cryomodules and the injector linac (old concept).
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Figure 3: A 3D sketch of MESA, without the beamline for the internal experiment (new concept).

Further investigations have shown that, due to the statics of

the building, the desired wide penetration of the wall for the

accelerator is out of budget. Therefore, a structurally more

stable aperture for the accelerator with three separated open-

ings leaving two pillars as support for the building as shown

in Fig. 2 was considered. In this concept, the cryomodules

would be partly located in the aperture of the wall. This

would limit the access to the cryomodules and maintenance

of the cryomodules would nearly be impossible.

Because of the limited access to the cryomodules, this

concept was dismissed. As possible solution, the position

of the cryomodules could be relocated outside the wall, as

shown in Fig. 3. This would increase the large semi-axis of

the accelerator to 31 m, it would expand the accelerator into

the third hall and would reduce the space for the experiments.

To counteract this, an extension of the experimental hall has

been requested, but has not yet been approved.

The changes of the lattice for this concept have been

checked with "Beam Optics", but have not been fully mod-

eled in the PARMELA simulations yet.

PARMELA SIMULATION ER MODE

The PARMELA simulation is based on the lattice shown

in [3]. It is not based on the lattice shown in Fig. 3, since

this is a rather recent development. For the simulation, the

dimensions of the cryomodules were taken from the ELBE

modules [12, 13]. The accelerating field data was obtained

from Superfish for a TESLA 9-cell cavity; each cell was

modeled individually. The two end-group cells also include

the beam pipes to allow for fringe field effects [3].

In ER mode, there are four passes through the cryomod-

ules, of which two are accelerating. This results in an energy

of 105 MeV for the internal experiment. To reduce the energy

spread of the beam, MESA is designed as a non-isochronous

recirculator, as proposed in [14]. But if isochronous recircu-

lation is needed, it should be possible as well. Thus, highly

flexible arcs are mandatory to adjust R56 and to compensate

the momentum compaction of the beam spreaders.

Due to the asymmetrical beta functions, energy recovery

is not possible with the beam optics of the EB mode as

proposed in [3]. Therefore, a symmetrical adjustment of

the beam optics around the mirror plane of the main linac

cryomodules and the arcs is necessary. One also has to take

into account the M12-matrix element or M34-matrix element

respectively, of each turn for beam break-up [15, 16].

M12(i → f ) = γi

√
βi β f

γiγ f
sinΨ (1)

M12: matrix element; β: initial (final) Twiss parameter;

γ: Lorentz factor; Ψ: Betatron phase advance

This is the reason why the beta functions in the cryomodules

have to be as small as possible. A too restricted confinement

by the betatron phase advance could lead to restraints of the

momentum compaction factor. It follows that the allowable

beta functions enclosing the main linacs are of the order of

magnitude of the modules’ length and have to be the same

for all arcs.

Furthermore, one has to take the large difference of space

charge forces into account due to very different beam cur-

rents at the two modes of operation. This also strongly influ-

ences the lattice focussing. Moreover, the beta functions at

the end of the injector vary for the different beam currents,

as does the focussing of the cryomodule for the first passing.

The injection arc has to be capable of matching these beta

functions on the main accelerator.
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Figure 4: Beam beta functions of MESA in ER mode from 30 MeV up to 105 MeV and back down to 5 MeV, including

space charge calculated with PARMELA.

Fig. 4 shows the beta function of the main accelerator

including the experiment beam line and the deceleration of

the beam for a beam current of I = 150 μA. As a start-to-

end simulation for the ER mode has not been finished yet,

the simulation starts at 30 MeV. For this simulation, the mo-

mentum compaction of all arcs was set at R56 = -0.3 mm/%�

and the synchronous phase was set at ψs = 3◦. For the

deceleration, the phase was set to ψs = 177◦ in order to

use phase focussing. Therefore, a chicane in the beam line

of the internal experiment is mandatory to adjust the path

length by (1−
2·ψs

π
)λRF . This is to achieve the synchronous

phase of the deceleration passes for different accelerating

synchronous phases.

Further optimization of the optics is needed, because the

envelope of the beam rises after deceleration up to 3.5 mm in

the arcs. This could lead to beam losses in the arcs through

the halo of the beam. The rise of the beam size is mainly

caused by a rise of energy spread due to the deceleration. A

scan of R56 vs. a synchronous phase ψs of the main linac

should help to find a better setting of the optics and minimize

the beam size.

SUMMARY & OUTLOOK

We have presented the current status of the lattice devel-

opment and discussed the challenges we are confronted with

in the design process.

The next step is to redesign the beam line for the internal

experiment due to the increased footprint enforced by the

building constraints, and implement the changes for a start-

to-end simulation in PARMELA. Furthermore, a scan of R56

vs. a synchronous phase ψs of the main linac, as done for

the EB mode in [3], has to be done for the ER mode in order

to find the optimum settings for different beam currents.
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